
REPORT No. 515

FULL-SCALE WIND-TUNNEL TESTS OF A PCA-2 AUTOGIRO ROTOR

By JOHNB. WHBATLEIYand MANLEYJ. HOOD

suMMARY

This paper pre-sents the results ojforce tests on ano?aix-
$OW surveys near a PCA-f? autogiro rotor in -the N. A.
C. A. full-scab wind tunnel. The force tests were made
d three pitch setthgs and sever~ rotor speed-s; i%? e~ezi
of fairing protuberances on the rotor Made w &ter-
mined. Induced downwmh and yaw angl.a were de-
termined at two tip-speed ratios in a pkzne 1$ fed alioue
the path of tb blade tips. The results show thd the
maximum LID of the rotor cannot be apprwiably in-
creased by irwreaiq the blab pitch angle above about
4,6° at tlw blude tip; that the protuberanctx on tti bludes
cawe more thun 6 percent of the total rotor o?rag; and
that the rotor center-of-prwsuxe traoel ti vw sm.d?.

INTRODUCTION

The National Advisory Committee for Aeronautic
has for several years been making an intensive study
of rotating-wing aircraft initiated because of the defi-
nite promise of this type of flying machine in the
related fields of safety and low-speed control. The
experimental work completed to date has consisted of
flight tests on a PCA–2 autogiro (references 1 and 2)
from which the gliding performance, fixed-wing loads,
and rotor-blade motion of the maohine were deter-
mined. Following these tests an attempt was made to
deduce from them the aerodynsnic charaotwistics of
the rotor (reference 3), but the results were unsr&-
factory for several reasons. No quantitative evaluw
tion of the interference of the remainder of the machine
upon the rotor was possible, but the most serious fault
with the results lay in the fact that the drag of the
rotor, its most importamt characteristic, could not be
found. In order to obtain complete and accurate in-
formation concerning the aerodynamic characteristics
of the PCA–2 autogiro rotor and to supply data appli-
cable to an analysis of the sources of iti drag, the rotor
ww removed from the machine and tested alone in the
full-scale wind tunnel at Langley Field in December
1933.

The test program included force tests at one pitoh
setting and several rotor speeds with the blade pro-
tuberances both exposed and fairedj and at two

}dditional pitch settings and at several rotor speeds
with the protuberances faired. IrL addition, air-flow
wrveys were made at two air speeds in a plane parallel
to and about lj4 feet above the path described by the
blade tips.

This report contains a presentation of the data
~btained in the full-scale wind-tunnel tests. The
results of an analysis of this information will be sub-
sequently published.

APPARATUS

The autogiro rotor used in these tests is shown
mounted in the wind tunnel in figure 1; figure 2 shows
ks geometrical characteristics. For the first tests the
rotor was exactly as furnished on the PCA–2 auto-
&o (fig. 3 (a) ), but during all subsequent tests there
were fairinga over the droop-cable fittings and damp-
ing devices for the interblade cables (fig. 3 (b) ).

The N. A. C. A. full-scale wind tunnel, together
with its 6-ccmponent balance and air-flow survey
wpparatus used for these tests, is described in detail
in reference 4. Sphere drag teds made since this
reference was published show the critical Reynolds
Number in the wind tunnel to be between 340,000
and 370,000, indicating the turbulence, as measured
by this method, to be about the same as has been
found in free air. (See reference 6.)

The rotor waa supported on the balance by a steel
tube tripod having an apex formed by a steel casting
containing a mechanism for changing the angle of
attack. This meohanism consisted of a double
worm and gear reduction operated by a hand crank
in the balance house. The angle of attack (the acute
angle between the dimotion of flight and a plane per-
pendicukw to the rotor axis) was indicated by a
revolution counter geared to the crank shaft. The
entire supporting system beneath the rotor was
shielded from the h stream to eliminate tare drag.

The rotor speed was obtained from an indicator at
the angle-of-attack control station, connected to a
tachometer magneto driven by the rotor. An addi-
tional indicator was placed at the wind-tunnel con-
trol station for the use of the tunnel operator while
the rotor was being started.
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TEST PROCEDURE necessary readings were taken. The angle of attack
The rotor was started by the air stream, no mechani- was then adjusted to give other desired rotor speeds,

ml starting gear hwing been incorporated in the test readings were again taken, and the process was re-
set-up. The rotor was set at about 10° angle of at- pented at other air speeds. For each condition of

RQwmz1.—PCA-2an- roti fnN.A.C.A.full+cale wind tnnnd.

tack, the wind tunnel was started slowly by jog@g
on and off the lowed+speed switch point, and the air
speed was gradually increased as the rotor picked up
speed.
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Force tests were made by the following procedure:
The wind-tunnel control was set for the lowest air
speed, the angle of attack was adjusted so the rotor
operated steadily at a desired rotor speed, and the

overation the readiws of &Uthe scales were mechani-
cally recorded and &ual readings were taken of rotor
speed, rotor angle of attack, and air-stream dynamic

.——

(a) Protrlbaronce30xJxrw3.
(b) Pmblbomncra fdmd.

Fmmrr%-protuboronrmonPCA-2nuk@Orotor bfodo.

preswre. In order to compute true air sFeed, the
air temperature, barometric pressure, and wet- and
dry-bulb temperatures were obtained by visual ob-
servations at intervals during the test.
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The highest angle of attack at which it waa possible
to test the rotor in the wind tunnel was limited in some
casea by the fact that the tunnel oannot be operated
below 23 miles per hour and in other cases by the jet
size. At the highest angle of attack (26° uncorrected),
the blade tips were 3.6 feet and 5.9 feet from the top
and bottom boundaries of the jet, respectively. The
lowest angle of attack at which the rotor could be
tested was limited by tlm bighcst air speed available,
119 miles per hour, with the rotor in the jet.

Air-flow surveys were made in a plane nppro.sinmtely
parallel to and ~bout 1% feet above the circle described
by the blade tips. The apparatus and method used
are described in reference 4, except that angles were
measured by the pressure method instead of by the
mill, or alinement, method.

When the pitch setting of the rotor blades wns
changed it was adjusted within 0.10 with n level
protractor. In order to oheck the track of tho blndes,
the rotor was run and a paint brush was lowered onto
the rotor from above until the high blades were marked.
Indicated adjustments were then made and the process
repeated until the rotor operated smoothly as indi-
cated by the steadiness of the balance scales.. When
the rotor operation was considered satisfactory, the
blade tips tracked to within about IX inches

RESULTS

The results of the tests are contained in tables I to
IV and figures 4 to 17, inclusive. All data have been
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corrected for jet-boundary and blocking effect; in
addition, the drag of tho rotor hub was measured

with the blades removed and subtracted from tho
rotor drag.

It will be noted that the nomihal pitch angle, repre-
sented by the symbol 0, differs from the pitch setting

noted on each figure rmd is not constant at a given
pitch setting. The nominal pitch sngle is the pitch

rmglo of the tip of the rotor blade under operatimg

conditions and the pitch setting is the pitch angle at
tlm tip of the rotor blade when at mat. The difference
between the two is the dynwnic twist, arising because
the component of centrifugal forcf3 normal to the rotor
blndo is applied aft of the blade center of pressure;
the couple resulting born these two forces is within
small limits proportional to the thrust, so the dynamic
twist rdso vmies with the thrust. l?light tests on the
PCA-2 rotor established the fact that the dynamic
twist is mbout 0.89° at the tip for 1,000 pounds thrust,
and the nominal pitches assigned to the different runs
made in the wind-tunnel tests were determined from
this relation, employing the average thrust obtained
at a given rotor speed.
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Figures 4 to 7 show the infhmnce on the L/D and
angle of attack of the rotor resulting from fairing the
blade protuberances shown in figure 3, the results being
presented for one pitch setting and for several rotor
speeds. Figures 8 to 10 show the influence of a change
in the pitch setting of the rotor, curves being shown on
each figure for different designated rotor speeds. Ex-
perimental points have been omitted on figures 8 to 10
because the curves are so close together that confusion
would have resulted had they been included. The
quantity and dispersion of the test points are, how-
ever, the same for these figures as for figures A to 7.

In figures 11 to 13 are presented vector sheaves for
the three pitch settings tested. The accidental errors
in the measurements of aerodynamic moments were as
large as or larger than the differences caused by varying
the rotor speed. For this reason, the average value of
the moment coefficients obtained at difi%rent rotor
speeds wa9 used to construct the vector sheaves.

Figures 1+1and 15 contain the contour maps of the
dowmvash angles measured in a plane about 1% feet
above the tips of the rotor blades, and figures 16 and 17
show the contour maps of the yaw angles memmed in
the same plane.
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PRECISION

rehdion between blade pitch angle and rotor
that was used in resigning values of nominal

FIGURE 14.—Dounm?shan@ distribution ovw dhk of PCA-2 autqfro
rotor, P-ON, N-lXI r. p. m., pitch sWMng=L9”.

pitch angle to the various curves presented herein was
established by photographic studies of the rotor in
@ght. The precision of the results so obtained$vas
sufhcicnt to determine the proportionality between the

IAir direction

-10 /-/0

fiGUEE 16.-Downwash angle dMrfbntfon over dhk of PCA-2 antc@ro
rotcr. P-O.% N=l16 r. p. m., pftch s6Mng=l@.

thrust rmd dynamic twist to within about 10 percent,
and the nominal pitch is considered accurate to within
&o.2°.

The accidental errors disched by the dispersion of
the esperimentd points in iigures 4 to 7 may be

COMMMT13EFOR AERONAUTICS

ascribed to the following possible cmuses: Failure to
obtain steady conditions on the rotor before tddng
readings, fluctuations in the dynamic pressure and
rotor speed as readings were taken, and observational

IAir direction

I I

FIGURE16.—Inducd yaw distrkbutfonover d!sk of PCA-2 antoglro
rotor, s=0.294, A“=MI r. p. m pitch mttfng-1.W.

errors in reading the dynmnic pressure and rotor speed,
The number of experimental points is, however, suffi-
cient to reduce the accidental error in the faired curves
of the figures to a negligible value.
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FIGURE17.—Indncedyaw dlsb+butfon ovor dfsk of PCA-2 autoglro
rotor, P-O.44$ A’=115 r. p. m., pitab mltlngHI.W.

Consistent errors in the results maybe considered as
srising only from the blocking and jet-boundary cor-
rections applied to the measured coefficients. Tare
forces were so small a percentag~ of measured forces
blmt they maybe neglected in this consideration. The
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blocking correction, necessitated by the disturbance of
the uniform velocity distribution across the jet by a
body in the jet, was determined by velocity surveys
ncross the wind-tunnel return passage accurately
enough to insure dynamic pressure being correct
within + 1 percent. ThCIjet-boundary correction was
applied ae in reference 6, the value of the correction
factor 6 being assumed equal to that for an airfoil of
span equal to the rotor diameter. It is recognized
that the trailing vortices behind the rotor are in all
probability essentially diflerent in distribution from
thoso behind a wing, but this discrepancy may be cor-
rected by using a slightly different equivalent span for
the rotor. The value of 6 is, however, almost ccnstant
for rdl wing spans between 35 and 45 feet and, since the
rotor diameter is 45 feet, this due of the span wa9
used to determine &

Unfortunately, no quantitative value could be as-
signed to the correction that should be applied to the
mensured dowmwwh angles at dii%ent stations along
the chord of the rotor disk. Studies of this question,
soon to be published, indicated that in this case the cor-
rection would be less than 10 percent of the measured
value of the dowmvash angle at the trailing edge of the
disk, or less than 1°, and the correction would be zero
nom the transveme diameter of the disk. Because
quantitative information was Iacldng, no correction
was made to the survey ramlts except the subtraction
of a constant value equal tc the jet-boundary effect on
rmglo of attack. The contours shown are thought to
be within 1 foot of their correct position.

The vector sheaves shown in figures 11 to 13 include
errors in both the moment and lift codcients. The
relative magnitudes of the coefficients and the number
of experimental points are such, however, that the
position of each vector is determined to within +%
inch. .

The following table summarizes the precision of the
results arrived at fioru the previous discussion:

CL------------------------------- *2 percent.
L/~------------------------------- &4percent.
C=------------------------------- *8 percent.
a-------------------------------- 3Zo.2°.
P-------------------------------- *2 pereent.
N------------- ------------------- +0.5 percent.
Cl-------------------------------- +20 percent.
C~------------------------------- *2O percent.
Veotim--------------------------- +% inuk
Contium ------------------------- +1 foot.

DISCUSSION

Change of nominal pitch angle with thrust.-The
importance of assigning the correct nomimil pitch
angle t-c each run made in the tunnel tests li= in the
sensitivity of the fundamental parameters of the rotor
to small changes in pitch. The data obtained in these
teats were intended primarily for analytical purposes

md, for this reason, every effort was made in prelim-
inary flight tests to establish definitely the relations
;overning the changes in pitch with the rotor operating
:onditions. It is thought that the accumte determi-
nation of the pitch angle eliminates a major source of
discrepancies in the data which o~endse might occur
bring analysis.

Elect of blade protuberances.-The influence of
protuberances on the blade is demonstrated in figures
1 to 7. It is seen horn figure 3 that the fairings
amployed could not entirely eliminate the drag caused
by the blade fittings, but the reduction in rotor drag
iue tc the fairings amounted to about 15 pounds for
FL3,000-pound machine, or about 4 horsepo~er required
&t 100 miles per hour. Although it was necessary to
Dbtain some information concerning the protuberance
drag in order to evaluate the drag caused by the re-
mainder of the rotor, the results are of minor practical
importance because of the current trend toward the use
of cantilever’ blades with no protuberances.

Effect of rotor speed and pitch angle.-l?iawes 8
to 10 illustrate the change in rotor characteristics
with rotor speed and pitch setting. It is shown that
at a constant pitch setting and tip-speed ratio there
is a small but consistent increase of lift coefficient M
the tunnel speed and rotor speed increase. The change
in L/D is not absolutely consistent but appears to be
an increase at low tip-speed ratios, cuhninating in a
higher mtium and falling off more rapidly after the
peak, as the rotor speed increases. The angle of attack
also changes with rotor speed. ~igure 8 shows a fairly
consistent decrease in this quantity at a given tip-
speed ratio as the rotor speed increases.

The effect of pitch setting on rotor characteristics
may be ascertained by a comparison of figures 8, 9,
and 10. At a given tip-speed ratio it is seen that the
lift coefficient and LID increase with the pitch setting,
though there is a small diflmence between the L/D in
iigure 8 and in @e 10. The pitch setting does not
change the tip-speed ratio at which maximum L/D
occum, this value of p being approximately 0.35 for
all blade settings.

By reference to the increase in rotor lift coefficient
and change in LID with rotor speed, it is found that
the variations can be explained as a result of an increase
in nominal pitch angle, caused in turn by the increase
in thrust at greater rotor speeds. Evidence supporting
this statement is ailorded by the change in the positions
of the envelopes of. the C. and L/D curves in figures 8,
9, and 10 corresponding to ddinite changes in the
pitch setting, the variation of the same characteristics
with rotor speed being closely parallel.

Veotor sheaves,—The resultant force vectors of the
rotor are projected upon the longitudinal and latazd
planes containing the rotor axis in iigures 11 to 13,
each figure prwenting average results for one pitch
setting. The projections of the vectors in the longi-
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tudimil plane in each figure move forward with de-
creasing tip-speed ratio to a maximum distance from
the axis at n tip-speed ratio of approximately 0.3.
This type of variation is probably a consequence of the
lag of the blade flapping behind the forces causing it,

although present lmowledge of the mechamics of the
rotor is too meager to explain the center-of-pressure
movement in detail.

The recession of the force vectors from the axis of
rotation in a lateral direction as the tip-speed ratio
increases can be reasonably interpreted. As the asym-
metry of the rotor, represented by the tip-speed ratio,
increases, the equalization of lift on opposite sides of
the plane of symmetry becomes more difEcUlt and is
less completely accomplished, causing a shift in the
center of pressure almost proportional to the tip-speed
ratio.

Velocity surveys.-The dowmvash-angle contcurs
shown @ figures 14 nnd 15 have several points of inter-
est. There is an increase in dowmvash angle in passing
from the lending to the trailing edge of the disk along
the plnne of symmetry, which is in agreement with the
espected variation for a lifting surface of such large
chord nnd low aspect ratio. The dowmvash also shows
rLpmk occurrhqg just aft of the transverse position of
the retreating blade and a decreased dowrm-ash where
the velocity over the retreating blade is reversed.
These conditions are consistent with the large flapping
motion, leading to high angles of attack, of the trans-
verse retreating blade and the poor flow conditions in
the reversed velocity region. &o noteworthy is the
upflow in both forward quarters of the disk, near its
edge.

The induced yaw angles plotted in figures 16 and 17
disclose little of interest. In figure 16 there is a pro-
nounced yaw away horn the plane of symmetry on the
aft pnrt of the disk, but this phenomenon is not
exhibited on iigure 17, made at a greater tip-speed
rntio. No satisfactory explanation of this pecuIiar
flow has been obtained.

CONCLUSIONS

1. The aerodynamic characteristics of the PCA-2
autogiro rotor change with rotor speed rind/or thrust.

2. The existence of a blade twist proportional to
thrust explains the change in rotor characteristics with
thrust.

3. The mtium L/D of the rotor cnnnot be appre-
ciably increased by increasing the pitch angle above
approximately 4.5° at the blade tip.

4. The drag of protuberances on the rotor blade is
an appreciable percentage of the total rotcr drng,
being more than 5 percent on the PCA-2 blades.

& Lateral and longitudinal center-of-pressure travel
is very small, being less thnn 2 inches in the plane of ‘
the rotor disk.

6. Pronounced variations in dowmvash exist nt
certain portions of the rotor disk.

LANGLEY MEMORIAL AERONAUTICALLABORATORY,
NATIONALADVISORYCOMEUTTmDFOR&ERONAUTICS,

LANGLEY FIELD, VA., Odober Ii?, 1954.
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TABLE I.—PITCH SETT&N04~;9”, PROTUBERANCES

I_
TABLE 11.—PITCH SEIYING=O.8”, PROTUBERANCES

FAIRE> Continued
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sm~ attack.
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. 14s
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.am
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,443
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,.494
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.694
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.440
.412
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,0173
m
Olfm
0161
0191

W
,0140
,0174
W2
m
0123
0148

Mn8
0110
0122
,~

m

Olw
,fW3s
m74E
mf64
@1546
m
@Mm

M’-
drm
ratio

261

;:

::
2.(X
La
48f
4.31
4=
1s
z%
Lb!
5.6
&If
& lf
&l]
LR
a.m
%&i
&01
&a
4.16
410
h 70
ha3
6.m
0.69

:E
‘Z44
6.46
4W
492
7.07
eL71
6.69
e+M
e+a7
IL42
&w
&07
hlw
&4P
6.47
0.11
5.71
IL70
~m
&m
@.12
hsa
&52
IL 61
&a7
&a

kg
6.56
6. m
&5E
&m
4!.29
6.52
6.11
ax!
e+24

:2
II 76
ha9

:$

&w
0.11

:%

k:
km
0.60
0.73
5.76
6.23
h23
5.61
&15
6.09

R%r

:.p.m_

fa3
97.5

IR !
119.7
119.2
f&3

1%:
Ha. 9
1235
133.9
lfn o
Ml o

N
117.6
117.1
X37.6
1S7.6

W
147.7
14S.2
]lal
nab
f&8

1%:
117.6
137.3
127.3
14a 9
147.7
m.o
97.1
aao

lR :
lla I
1336
437.6
147.7
W. 6
]]a5
127.6
146.5

lR !
K!ZL6
147.4

l%!
Ha 5
14& 1

1!? ?
lm. s
14& Q

1%?
12&8

%!
lm. 2
147.4
fR8

12L 4
139.2
148.2

1%;
1236
147.4

1%:
14L 7
1523

‘W
lm 6
lm 9
149.0
1147
137.7
g.:

14a 9
1021

Ro%K.
momont
cdlidm

a 0)1574
. fm242
. mlm
. 0U845
.@EWA5
. Qm3m
. ml
.Dmm7
.-
. mlfol
.mm
. fWW4
. fW716
.m)717
. fm414
.mt566
. W37b2
. MKM6
.032114
. folma
. @)m57
.mW1
. allwa
.m
.-
. Qmm2
. OXB16

:=
. f03455
.m

:%%%
. C01174
.fW2.m
. @X246
.m
.Mm90
.@xmM

:%%%
. Im-K12
.m172a
.m3323
. mm
. WIL?4
. aQ744
. OMIEJ

:MHJ

. UII11O

.W

.mla2E

. IXW115

.Ux12m

.WU19

.-

.W

. ml

. @xn17

.@13416

.m

:%%%
.IxW23
.WJ144

:%%?
.W!526
.03M?a
.mY25fl
.0xW8

:%

:%
.moam

:$%%
. mm
.CaQ7a
.mm
.W#?a
.W222
. m149
.WINS
.ax12s7
. MOMS

Pltctin4
moment
c&4den

a 0131
. Olm
.0102
.mn

:$%
.m
. ml
.m
.WF34
.mn
.0376
. W7
. m47
. ml
. ml
.Ixm
.fW2
. m47

:%
.Mfa
.mn
.mn
.OM’
.Ws
. ma

:E
.m34
. m41
. aM2
.m
. ma
. W17
. m15
. m2
. mla
.mm
.mm
.Omfl
.Cm7
.fOt4
.m44
.mza
.COm
. fml
. cnll
;g

.m

.fma

.mfal

.m30

.mf!

.Ox?a

. fQ14

.m

.Mz9

.W7

. W15

.M22

.m

.mlo

.ml

.M-i2

.mla

. m2

. COB

. Cm21

.K04

.m

.0)15

. WE

.m

.m

. LW14

. fmls

.ImM

.m)2

.Wu6

. CII1O

. IXU3

.m

.aOS

. Cm31

.m

.CKm

.W12

TABLE 11.—PITCH SE~~~~0.8°, PROTUBERANCES

a12s
.135
. Me
.Im
. lm
.ln
.ln
.170
. lm
. llm
.157
.126
.423
. lW
.197
.224
.223
.166
.lSa
.144
.143
.172
. In

:%
.264
.25S
.m
. !2%1
.’22s

:%!
.203
.216
.216
.267

:%
.202

:E
.X@
.m.5
.227
.’zm
.248
.247
.2s9

:%
.239
.W!

:%

.236

.2/6

.X.9

.’20S

.316

.313

.273

.378

.am

%
.am
.2s7

:%!
.mo
:%

.442
;::

.433

:%!
.220
.321
.331
.233

;%

. 4B

.464

.4’33

.411

.411

.282

.Xa

. Ml

.642

.449

.453

.4fL5

.4E53

.6s3

.ml

.612

:%
.6U5

16.6
17.2
17.3
19.1
19.1
19.0
19.0
127
127
la. E
12.8
19.1
19.1
10.4
la 4
aa

1::
lL O
l&7
16.7
121
121
9.4
‘a.4

. H
6.6
6.6

H
8.6
9.6
&5
85
7.0
7.0
&8
5.8
5.4
E.4
6i7

:i
al
7.2
7.1

N
6.3
5.2
4.8
48
6.8
6.8
117
&7
6.3
6.3

::

::
44
43
ho
5.0
5.8
6.7
6.3

:;
46
40
40
3.9
2.9
L4
44
6.0

2:
4.6

2:
&8
2.8
~6
X6
4.1
41
43
4.a
a5
X5
X8
2.8
2.4
2.4
al

::
29
2.2
X2

L%t
CMi

0.616
.4m
.4M
.W
.am
.523
.E36
.311
.312
.an
.278
.m
.ml
.234
.236
.185
.1$3
.276
.278
.469
.463
.W

%J

. 142%

.1412

.llm

. lx3a

. 16i7

. lma

.Zh9

:%
.221
.1442
.1446
.U@l
.W71
.M5B
.M44
.1221
. lam
. 1’X31
.1059
. 1.s3
. lea
.1116
.1124

: %’%$

:%
.112E
.1107
.1522
.1.529
.1407
. 13s9
.0a41
.m40
. ce14
.m36
.IM70
.0ai7
.W
.W.o
.1191
.1192
. la!s
. la31
.0762
.0710
.04ua
.@tfQ
.m
.0442
.m78
.M98
.Qa24
.Qxr2
.W37
.W3
.m
.Wra
.0416
. W23
.0352
.mm
.m
. @513
.0740
.07fQ
.IE32
.m
.0437
.6425
.mm
.M.64
.0257
.03M
.M54

:Z
.m3a

;?W2.

L198
.155
.165
.187
.4sS
.183
.190
.mm
.fMr3
.162
. Ilu

:%
.C6a3
. Cm3
.mn
.0a6E
.m
.W
.127
.129
.0764

:%

:E
.0259
. mm
. 01S3
.Mm
.0211
. MM
.MIS
. fW2
.0416
.M?66
.M55
.OIIM
.OIIM
.0142
.0140
.M23
.Ma7
.M66
.Ma3
.62ss
.oral
.01s3
.0191
.Olm
.0127
.0114
.0113
.Olm
.01E3
.fr2@3
ftxll

.02M

.02z2

.Olm

.0164

.0101

.m

.Mrr?J

.W

.0122

.01-33
Outo
Olw

.0170

.0172

.0115
,0117
.W
. M31’a
.m722
,Co7m
,0110
.mo9
.0142
.0142
.01s5
.01s2
.Ollxl
.Olm
.ml
.m3m
.Kmn
.W
. fm?al
.aM37
.m14
.0111
. m541
.m52f
.m

:=
.Wi27
. rs3470
. mm
. m471
. W76
.m
.m-cu

%:
ratio

2ao
297
294
2’72
207

:E
a_86
a.m
%64
X67
2ft3
297
445
4.47
4.96
4s%
4.27
4.40
S.61

H!
4.40

:R
h46
5.46
5.74
6.74
6.43
J. 40
4.97
4.92
h 31
h 81
&u

:K
h8E
0.0s

;&

H?
a.40
5.67
ha
5.96
5.s2
6.07
5.00
S.&s
6.11
5.07

::
L&
&w
6W
t 16
&10

:$
&10
&10

k;
&n
&m
6.40
6.26
6.10
6.07
am
6.02
&w
km
6.16
&13
&46
&as
&42
6.46
eLa3
&m
&w
6.&9
5.68
5.75
&m
hfn
6.23
&a4
&40
5.46
h 91
5.8s
hn
&55
5.47
has
&40
h 31
&M
5,7

R%

. p. m

124.a
119.7
lm. o
15L 5
15L 5
1s9. 1
la 9
12L o
lm.5
12t 8
N&8
161.6
15L5
119.2
14a9
ll&9
119.2
128.8
125.4
lE&8
167.2
lm. o
16R4
14m4
14a4
119.2
119.7
119.2
Ila 9
1%’.2
13&8
155.6
15h6
la4
15%9
133.5
laa 5
Us. 9
119.7
11&9
nao
lm. 4
la 9
157.2
156.3
157.2
157.2
127.6
W. 6
119.2
119.2
119.2
119.2
14L6
14La
IKI. 8
M.5a
169.7
ISRo
127.6
laa 4
lla 9
lla o
119.2
Im. o
12&4
1244
M3
Im. a
ma o
m. 9
R.@.4
12@.8
na9
l]a 9
117.2
117.2
132%9
I&l 4
165.5
164.8
16!3.0
IE8.3
la 4
lEa 4
lla9
lla 1
lla 5
119.7
141.7
140.9
lm 9
la 9
ma
IIfi a
laa 1
127.6
137.6
137.6
IICI.a
IW. a
120.6
la o
145.7
14&o

PA&
moment
dftdm

c%
Mel@
force

Cc@&;

.Um

.Ma4

. (ml

.mm

.m27

. ml
fan
.fm3
.ms
.f?m

:%
.W4
. am
.mm
.m
.@
. C016
. m17

:%%
. m12
. m16
. mll
. m42
.m16
. m44
. mlo
.m

:%%
.Im12
.m
.m

:E
.OllE
.m
.Cm7
.Um
.0m7
.W17
.C#3

:%!
.Om-4
.W
.WC!4
.m
.m

:%!

:E
.fQM
.mm
.Cm5

:%%
.Oom
.Ocm
.m
.m
.m
.m

:%
.fm.5
.OxU
.Oocd

:%%
.mm

:%%
.mm

:%
.Clx13
. cm4
. CKm
.W
. COM
.CWS
.(-m
. Cm31

.W13

‘.ml

:%

;%

.C031

.Cm2

.0m2

. ml

I

I
.m
)



188 ~POIW NATIONAL ADVISORY

TABLE 111.—PITCH SETTING= 1.9°, PROTUBERANCFF
FAIRED

Q ;4J

.132

.lm

. Ml

.181

.133

.133

. Ma

.1.53

.216

.215

.195

.140

.249

.222

. 17-I

.147

.276

.262

.nn

.182

.315

.=

.223

.2n5

.W

.305

.254

.232

.373

.303

.262

.231

.369

.324

.233

.242

.394

.231

.M

.2?0

.418

.360

.303
,274
.431

:E
.2S
. 4s
:g

.3CG

.467

.417

.345

.319

.496

.438

.335

.337

.526

.M7

.3$1

.331

.552

.496

.419

.3s3

. EN

.623

. 4s

.416

.645

.6Ss

.401

.701

.523

. 62s

.724

J’.: e

tack
o

—

16.9
13.8
l&4
18.5
lL 2
lL 2
18.4
18-4
14.6
146
8.3
a3

1::
0.6

2:
10.1
6.6

;+
lL O
.L3
5.0

N
3.7
4.2
6.8

::
4.2
5.8

::
40
L4

::
3-7
47
L5
27
3.4
4.3
&o
26

k;
4.4
24
28
&e
3.9
22
25
3.3
3-7

::
*O
:;

22
27
3,0

HI
26
26
L7

i!
23
L6
L5
L8
L3
L3
L6
L1

L%t
!mfo-
dent

).5%

:%
.611
.3m
.286
.6%
.021
.515
.516
.2sS
.2M
.330
.613
.182

x
.S6
.168
. 1U5
.313
.414
.1161
.1622
.257
.333

:T#

.254

.0m6

.r2a4

.m

.265

.Wx4

.1103

.179

.233

.ME37

.1072

.160

.nm

.0616

.W17

. 1W4

.176

.W3

.C@23

. W51

.m

.0513

. 075s

.1160

.1397

.0476

.0ce2

. lam

.1239

.0421

.O.5@l

. ml

. KM

.a373

.CW5

.EW1

.CW9

.an.o

.0430

. aM7

.0783

.G2@l

. W8

.0528

.06$9

:K
.0450
.OzR

%H
.0223

iiJ.

L169
.171
.227
.227
. a347
.aW
.223
.223
.152
.161
.0491
.04m
.0703
. Km
.0323
.0474
.111
.171
.0246
.0323
.0331
.Q327
.0170
.0237
.0443
.0346
. Olu
. Om
. 031s
.0437
.0116
. 01E3
.03m
.0t35
.0113
.0164
.Ce78
.CEa2
.0103
. OIM
.0227
.0311
.@K1
.0132
.0m4
.026S
.W
.0119
.0181
.02z3
.W
. Olus
.0169
. 01s9
. c074
.m
.0143
.0178
.W8-5
.m
.0137
. Olui
.Ixm
. mm
. Ollu
.0140
.0354
.0M9
.Cms
.0113
.aE2
.CW2
.W79
.CmQ
. m4s
.0353
.CW2
.0343
. ml
.C0S4
.W2

ig
ratio

L 13
Xlz
272
269
4.25
4?3
274
273
%39
3.42
b%
6. B
&n
L 13
::

4.05
343
.242
&a3
h 21
447
0.S2
&42
&m
h 16
&64
&es
eL32
6.81
&w
&71
6.!M
ha
7.13
&73
&44
6.10
0.97
0.87
0.61
6.43
&w
6.79
&m
0.66
6.76
&w
0.91
6.80
0.4
7.02
6.ea
7.01
&43

H%
6.M
0.47
&76
7.01
6.91
0.32

HI!
7.13
0.!22
tL42
&81
&w
6.7i
0.10
an
0.8(
5.71
h%
&x
La
h 74
off
h=

bNh
.pln.

%8

lE ?
10L 3
%3.3
89.2

1147
114.3
12L 4
12L 4
lCQ 6
ml. 5
117.1
lza o
=S

Ha 1
137.2
la 7
103.0
119.2
125.0
146.1

1%:
la 4
147.7
!38.8

lIK 9
137.2
14& 9

J%:
137.7
14& 5

1%:
IW 8
146.7
S&o

i%:
I%;

118.Q
137.7
14a 9
69.2

l!alo
la 5
14h 7

l%:
13% 9
147.3

H
139.7
149.9

E:
141.7
147.4

1%!
lw. 2
147.7
97.6

m. 1
lM 7
14% 2
In o
119.2
lW 4
149.0

1%!
13a6
‘J7.6

Ila 1
14a o
1021

&&-
xomeat
emdmlt

Lm1310
. mllm
. Wlml
. Mlm
. CBx611.
.@X&%
. m1414
. W13W
. mlwn
. Cmlw
.WJ341
.OxUml
.CKW30
. @m2s3
.CWW
.W
. all!an
. W1021
.0mZ70
.We196
.m
. lmlm7
.WQM9
. allcm
. Cm!E9
. (mm
. W1045
.C#227
.m
. a)lxal
.0m334
.Cmm26
.CmMw
.W
. 0KI176
.CmcW1
. lW387
.m
.m
.m
.@m343
.m
.m
.-
.m
.Ix0m3
. mlM
. mlo7

%%
.m
. Wm27

:%%
.W0B5
. m129

:EW!J
.m
. CB33148
. @Nt18
.m
.CmC-43
.-
.033222
.CBxR58
.Cmm3
. mlso
. CWm3J
.m
. amlxl

:%%%
.-
-m
.0x2M
.CWU48
. mllo
.Ca#2.t

-: w

&-
mment
UTlderd

c?
Jatad
form
~t-

: (#g

.0133

.0130

.m

.Im4

.CWa

.0372

. ml

.WYJ

.C057

.02s7

.W6

. m52

.Cn140

.m

.m

.W3

.Wso

. mt3

.m

.0M5

.CWrJ

. mm

.CW5

.CB33J

.0xC5

. cm9

.m

. ml

.am

.m

.M40

.W40

. CJM3

. mm

.0?24

.a338

. CQlo

. Cu21

.Cun

,:~

.CO-B

. C031

.m

.0314

.m

.Ocr.B

.U02

. Cm2

.Imz3

.0123

.m

.OWJ

.C020

.m

.WM

.Ima3

. m19

.0019

.W

.CW7

.0316

. m8

.m

.m

. Cm2

.0313

.CW3

.0n3

.m

. CQll

. ml

:E
. ml
.m
.@Xl-t
. ml

COMMITTEE FOR AERONAUTICS

I
TABLE IV.—PITCH SE~tj’~~~2.7’, PROTUBERANCES

0.145
.145
. lM
.171
.143
.146
.174
.174
.m
.W2
.210
.212
.242
.241
.242
.240
.270
.270
.28s
.%
.297
.295
.234
.235
.EaS
.307
.W5
.3M
.s35

:E
.315
.349

:%$
.m

:$%
.35.9
.3s3
.3!33
.396
.m
.374
.409
.412

:E
.429
.429
.414
.4G9
.446
.440
.Cn
.434
.4s3
.481
.449
.449
.401
. 4s3
.462

:%
.497
.4S
.47’9
.527
.m
.612
.67)

:%

$fle
ltt&

l&9
lt 9
127
127
17.7
17.9
125
124
9.1

::
&4
&3
&3

:!
4.8
L8
&o
5.0
3.9
3.9
4.3
4.3
3-6
3.6
3.6
3.6
3.0
3.0
&4
%3
27
27
30
29
23
24
25
25
20
20
22
22
L8

H
20
L6
L6
L8
L8
L6
L5
L6
L6
L 4
L4
L6
L6
L3
L3

;:
L2
L2

;:
L1
L1

?;
LO
LO

CL

#li-
Ohnt

0.070
.071
.527
.630
.6s3
.W3
.516
.623
.3S3
.Wa
.3J59
.332
.230
.264
.m
.275
.207
.203
.216
.217
. m7
.167
.167
.186
. Ml
.164
. led)
.167

.1271

. Em

.1446

.1479

.1146

.1147

.1271

. Hm

. m30

.1013

.1125

.1139

. CWf

.m57

.W94

. IOlz

.0eU2

.0724

.mw

.6936

.0717

.0731

.0m6

.0811

.W3

. W91

.&m

.0707

.W49

.W87

.0367

. C561

.Cm-9

.0510

. IM16

.0696

.06M

.0518

.m

.0.5s2

.0453

.0444

.0492

.@-E3

.OtM

.0424

——

g.

1.2162
.2169
.1330
.1310
.2148
.2169
.1226
.12z5
. 07s
.0759
.0071
.CW3
.0439
.04m
.04c4
.0465
.0310

:E
. a327
.0241

:%
. 6%’5
.6215
.0217
.Ozm
.0Z?5
. Olm
.0176
.0w6
.0m7
.0162
.0161
.0179
.0182
.0144
.0142
.01.50
.0169
.0124
.0121
.0137
. Olu
.0114
.0111
.0126
.0125
.0102
.0104
.Olu
.0114
.COnQ
.6nm7
; ~1

. oa347

.0037%

.00915

.06976

.C0S4t

. W313

. (0021

. OwQl

.C@x

.Ct?51f

.W?3

. CQ8m

. anm

.CIn3f

. Qnm

. mm

. C07!X

. Q36Qo

3.18
L 18
x 97
&07
3.18
3.11
421
426
4.05
&04
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